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1. Introduction

The peried from 18 UTC 26 Nuvomber
1991 to roughly 23 UTC 26 Noyvember 1801 hns
become a locul conn atudy of the FIRUE Cirrua-ll
field cumpnign. The middle and upper
Lrapoapheric clowd datn thnt were eollected have
wlowad FIE ecientinly (o lomm n ogrent dou!
about  the  morphological  slructure and
microphysical and radiclive characteriotics of
the mid-latitude citrua that occurrod during
that tms.  An imperlont eomponent of this
offort in dotormining the oynoptic scale forcing
that exjoted during thiv Hwe. By forcing, we
menn o coupling between  thn hackground
verticn) niv motiono and the Invge acule moisture
budgel thut initiated ond muintained cirruy
cowd in the sludy region. Delining the aynoplic
aenlo forcing io ono of the siated gcienlific
ohjectiven of the FIRE program.

It ia nlgo necessury, from Lhe plandpoint
of model vulidution, that thoe verlicnl molions
and lurge ocnle moiatura budgel of e cnse
sludy be derived divectly from obacrvationo .o,
independont. of model-hbused data nosimiletion.
We connider il jrnportant that the madela uvod
to eimulute the obaerved clond fieldo begin with
the correct dynumices and thal the dynamicn be
in the right place for the right rensona.

We have combined hourly Wind Profiler
Demonntration Nelwork dato (Chndwick ol ul,
1UBG) with rawinsonda datn procussed at foll
vartienl resvlution te cicalo objective nnalyvos of
the syboplic ocnle fields. Ueing dingnostico
derived from the objectively unnlyzed dols oud
hulk cloud optienl properlies determined from
guontationnry  ontellite datn, e will infer
internclions between the largy senle forcing and
the bulk cloud opticnd propoertien.

2. The November 26th Coge Study

The middle und wppor lropoupheric
cloud band that waa onmpled during the loenl
allernoon of 26 November 1881 waw cloguly
coupled to  the synoptlic scale  dynnmice
embodded in the oxil rogion of a strong
nerthweaterly jet strenm. The Jet extended from
n ridgo in the northwestlorn United Staten
aouthenatlward into tha Texns Panhnndle. A jet
slreak of 63 m sl was propngnting
aouthenolward neor the flow inflection puint in
anulern Colorade. lmmedintely downalveam of
the jet core, n difluent trough uxis extlended
from saatorn ‘Texae northward into the Dakolas.
Analyvio of the gaopotentinl hoight field (not
vhown) showa thul the lrough nxin hud o well
definod southenat-northwest Gl This aituation
Lanre alrong resvmblance ta n clnouic descriplion
of un upper jel-fronl ayatom propagating
through o synoptic ncalo buroclinic  wave
prescuted by Shapire (1983) and Keyser nnd
Shapire (1987). This sluge of development in
marked by burolropic amplilication through the
Uit in the height field and by baroclinic
amplificntion  indicated by the wenk cold
ndveclion in the northwesterly Dow (Keyser nnd
Shapire, 1987). Tha amplification process is
dinployed quite mnrkedly by exnmining the
avolution of the dynamics between 18 UTC nnd
21 UTC. Fig. 1 shows verticnl enat-wesl crovs
soctions of relalive vorlicity at 18 and 21 UTC.
I'he crogs weclions extend (rom tbe jet core in
soullisnstern Colornde ncruss the trough wxina
north of the Knnnaa-Oklahemu border nnd inte
the difluent zone in western Miossouri.  The
vorticily puollern showo u region of cyclonic
vorlicity oxtending lirough the depth of the
troposphere  nnd aitunted from the jel corv
enolward  into  the difluent trough  with
muxiwvm amplitude near 10 k. Tho vorticity
patlorn bewm n atriking rewsmblance lo that
found in mobile upper tropocphuric  troughs
(Snndors, 1988; Whitnkor and Barcilon, 1942).
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Fig. 1. Crooo voclivnw of the verlical component of the relutive vorticity for n) 18 UTC 26
Nov. 91 nnd b) 21 UTC 26 Nov. 01, Tho crons secliona extend ip ubp ouil went hine Nom
anuth-cantnl Colorndo to eouthwenleorn Minaouri. Unils ure in 10-% a1 and negnlive values

ary shaded,

The evolution of the vorticily putlarn
nasocinted with the jet-trough system je clently
ovidsnt. The entite pullern appento Lo progross
enalwnid during the threo hour perlod. The
wnplitude  of  the dinturhnnce uppenrs Lo

| decrenne bolwean 4 and 6 kin while a aignificant
winplification io noted between B and 12 km.
The nogulive vailicily vuluss in the flanking
migrntory ridgen show little chango nside from
an cantward progreagion during the period.

The verticnl velocity wop enlenlated ac o
veaidunl from the lirst Inw of thermodyvminics
ansuming ndinbulic flow. Reoults nt 6.6 km nro
ahown in Fig. 2. AL 18 UTC, wenk Inrgo veale
necent io dingnosed in o bond thnt extende
aoulhwostward  from w loenl maximum  in
soulhwestain lown, At 21 UTC tho eanter of
upliftin southweatern lowa daerenaco olightly in
intensily. Elanwhere, amplifienlion of the
pnaticrn is dingnoced. This includee tho ustent
zone na well ns the region of olrong aubridance
contered on the Knnoun-Nebraskn bovrdaor. The
upward vertical molion more than doubles over
mont of enstorn Oklahomu with the cenlor of
vining motian over the Red River showing
evidence of sunlwnrd propnguation.

The reaponss of the cloud shield to the
synoplic tenle forcing can bu veen by oxepining
Fig. 3 whicli ahows the high cloud viasible apticnl
depth (Minnis, 1990) at 18 UTC and 21 UTG.
AL 18 UTC the high clouds with the Jnrgeol
oplical depths were anaocinled with the center of

vining motion over aouthwealern lown, A thick
band of ehrus extended southwestward into
central Iunsas wilh optical depthe excueding 11
nlong the central portion of tho cloud baud.
I'hin cirrus sxtended nouthwnrd into Oklnhomn,
By 21 ULC oplical deptha nll nlong lhe cloud
bund showad a signilicanl responae  to the
nvolving verlicul molion patlern. Thiv in moat
evidenl over Oklnhomu. The cnslward
propugution of the southern pottions of the
cloud band are cleacly svidont. Wao find good
correlnlion between the increasing oplicul
doptha in Okluhomn and the increnning vertical
motions ut 6.6 kmm. ‘The incresse ju oplicnl
doptha over soulhwostarn lown nro nssocisled
with shurply Jarger upward molion between 7
and 10 km (not shown).

3. Conclugions

The ovolution of the cloud ayatem
axlonolvely obaerved on 26 November can bu
seen na o reopunse lo verlical circulnlions
associated with synoptic sculs forcing. As the
rapidly sdvancing jot slrenk pocued the Dow
infleclion puint after 18 UTC, the synlom
became predicpoved W Jarge ocole nmplifiention
though the orientation of tbe Lrough axis und
cold nir advection. The slrong grwlient in
velocily inswsed thatl pnreoly exiting the Jol wore
strongly ngeoolrophic na they pngsed into the
difluent trough.



Fig. 2. Adinbatic vartienl velocity ut 6.6 kn
Nov. 91, Conloura nre incma’
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Fig. 3. High cloud vigible opticnl dopth determined from gnoatationnry snlellite datn. n) 18

UTC 26 Nov. 1991, b) 21 UTC 26 Nov. 1991,

Ihis  conlontion in  aupporled by
kinemalic annlysis of wind profiler datn thut
aliowa incrensing upper Lropospheric divergence
during this period. The influonce of trajeclory
curvature likaely played nn important role in the
rolher oudden nmplification of the vorticul
motion puttern and concomitanl modulation of
the cloud oplica) properlien.  As ohown by
Cammuoe  and  Ramond  (1089), ndvection of
tryjeciory curvelure can gignificnntly ouhunce

the vertical circulntions that exisl in corvad jel
flowa.
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